A disturbingly low rate of temporal decline in coronary heart disease mortality has been observed among women aged 35-44 years, compared with men and older women. 1 Additionally, women aged <45 years have an adverse prognosis after myocardial infarction as compared with men and older women, 2 and women 31-50 years old have a poorer prognosis than men after ischemic stroke.
Methods

Population
We used the Danish Medical Birth Register to identify a healthy population of women giving birth during 2004-2009 without previous history of myocardial infarction (International Classification of Diseases [ICD]-10 codes=I21-22, ICD-8=410), angina pectoris (ICD-8=413, ICD-10=I20), unspecified chest pain (ICD-10=R073-074), stroke (ICD-8=430-434, ICD-10=I60-I64), or renal insufficiency (ICD-10=N17-19). The Medical Birth Register contains detailed information on all women giving birth in Denmark (ie, ≈90% of the Danish female population). Height and measured prepregnancy weight has been registered systematically since 2004 at the first antenatal appointment at the general practitioner during gestation week 6-10. The weight is measured with light clothes and without shoes using the general practitioner's regular scales. The antenatal routine appointments are governmentally financed and offered to all pregnant women. The height and measured prepregnancy weight are mandatorily reported to the Medical Birth Register at time of birth. From the Medical Birth Register we furthermore obtained information on smoking, preeclampsia, eclampsia, and gestational hypertension.
Data Sources and Definitions
In Denmark each citizen's personal and permanent identification number enables individual-level cross-linkage of the national registries. Data on mortality were obtained from the Central Population Register, in which all deaths are recorded. Causes of death are recorded in the National Causes of Death Register at date of occurrence.
Data on pharmaceutical treatment in the 90 days before pregnancy (180 days for statins and glucose-lowering medications) 8 and during pregnancy were obtained from the Danish Register of Medicinal Product Statistics, which records all prescriptions dispensed from Danish pharmacies. The register classifies drugs according to the International Anatomical Therapeutic Chemical (ATC) classification system and has been shown to be accurate. 9 In accordance with previous work, prescribed medications were used as a proxy to define diabetes mellitus and hypertension before pregnancy; the former by prescription claim of glucose-lowering medication (ATC-group=A10) 10 and the latter by prescription claims of ≥2 classes of antihypertensive agents. 11 Gestational diabetes mellitus was defined as a hospitalization or outpatient discharge diagnosis of gestational diabetes mellitus. Dyslipidemia was defined as use of statins before pregnancy (first choice according to Danish guidelines). In multivariable analyses, eclampsia was included in the preeclampsia definition. The Danish Fertility Register was used to identify the parents, and the National Patient Register and the National Causes of Death Register were then used to identify parents with myocardial infarction or stroke before or after the age of 50, respectively. Family history was only included in sensitivity analyses in which first generation immigrants and their offspring were excluded, because the medical histories of the parents of these women were not available in the Danish registers.
Prepregnancy BMI was calculated by dividing the measured weight in kilograms by the square of the height in meters (kg/m 
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Educational attainment was categorized as follows: (1) Basic education (primary, lower secondary); (2) upper secondary (general secondary, technical secondary); (3) vocational; (4) short or medium length higher education (Academy Profession Degree, Professional Bachelor's Degree, university Bachelor's Degree); (5) Master's Degree or Ph.D. Degree; (6) unknown.
Outcome Events
Information on outcome events was obtained from the National Patient Register and the National Causes of Death Register.
The primary outcomes comprised a diagnosis of nonfatal and fatal myocardial infarction (ICD-10=I21-I22) and subtypes of stroke (ICD-10=I60-I64). Transient cerebral ischemia was not included because the positive predictive value of this diagnosis was relatively low (57.9%). 13 Additionally, a composite outcome of myocardial infarction, stroke, and cardiovascular death (ICD-10=I00-I99) was investigated. Stroke was divided into subarachnoid hemorrhage (ICD-10=I60), intracerebral hemorrhage (ICD-10=I61-I62), and ischemic stroke (ICD-10=I63-I64). The definition of ischemic stroke thus included ischemic stroke (ICD-10=I63) and unspecified stroke (ICD-10=I64), because the majority of unspecified strokes are ischemic strokes. 13 The ischemic stroke diagnosis has been validated with a positive predictive value of 97.0%, whereas the positive predictive values of hemorrhagic stroke (73.9%) and subarachnoid hemorrhage (66.7%) were somewhat lower. 13 The diagnosis of myocardial infarction has been validated with a positive predictive value of 93.6%.
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Statistical Methods
The index date of inclusion was defined as the first date of childbirth between January 1, 2004 and December 31, 2009. All women were followed until emigration, death, or December 31, 2010. Baseline variables were compared across BMI-groups using χ 2 tests for categorical variables, and analyses of variance for continuous variables. Unadjusted and multivariable Cox proportional-hazards regression analyses were constructed using normal weight women as the reference. To explore the full association between BMI and the outcomes and not merely the residual effect of BMI, main analyses were adjusted for age, smoking, and year of inclusion (ie, without potential intermediaries). A 2-sided P value <0.05 was considered significant. The model assumptions of proportional hazards, lack of interactions, and linearity of continuous variables were tested and appeared to be satisfied unless otherwise indicated. All statistical calculations were performed using SAS for Windows, version 9.2 (SAS Institute Inc, Cary, NC).
Ethics
In Denmark, no ethics approval is needed for retrospective register studies. The study was approved by the Danish Data Protection Agency (2007-58-0015).
Results
We identified 292 847 women from the Medical Birth Register without previous history of cardiovascular disease or renal insufficiency (n excluded=564). We excluded women with missing or incomplete registrations of BMI (n excluded=18 907), women with incorrect vital status (n excluded=29), and women with missing or extreme values of the child's gestational age (n excluded=246, gestational age <20 weeks or >45 weeks).
The final population consisted of 273 101 women. Median follow-up from date of childbirth was 4.5 years (interquartile range, 2.8-5.8), and median age was 30.4 (interquartile range, 27.2-33.8).
The baseline characteristics of the women according to BMI groups are presented in Table 1 .
With increasing BMI group the fraction of women with hypertension before pregnancy, diabetes mellitus before pregnancy, gestational diabetes mellitus, gestational hypertension, and preeclampsia increased, and a smaller fraction of the women were first-time pregnant. The distribution of active smokers was U-shaped, with the majority of smokers in the underweight and obese groups. January 21, 2014
Myocardial Infarction and Stroke
The cumulative incidences of myocardial infarction and ischemic stroke were low, as shown in Figure 1 . During follow-up 68 women (0.02%) experienced a myocardial infarction, 175 women (0.06%) experienced an ischemic stroke, 76 women (0.03%) experienced a subarachnoid hemorrhage, and 52 women (0.02%) experienced a hemorrhagic stroke.
We found an increased risk of ischemic stroke and myocardial infarction in obese women after adjustment for age, smoking, and year of inclusion (ie, without potential intermediaries, as illustrated in Figure 2 ), which also presents unadjusted incidence rates per 100 000 person-years. The results remained unchanged after adjustment for cardiovascular and pregnancy-associated risk factors as shown in the unadjusted and fully adjusted results of the Cox analyses in Table 2 .
Age, active smoking, and preeclampsia increased the risk of ischemic stroke and myocardial infarction. Moreover, diabetes mellitus, dyslipidemia, and gestational hypertension increased the risk of ischemic stroke, whereas hypertension increased the risk of myocardial infarction.
There were 374 events (0.14%) of the composite outcome of myocardial infarction, stroke, and cardiovascular death for which overweight and obese women carried an increased risk. Compared with normal weight women, the unadjusted hazard ratios (HRs) for underweight, overweight, and obese women were 1.39 (95% confidence interval [95% CI], 0.86-2.26), 1.51 (95% CI, 1.18-1.92), and 1.90 (95% CI, 1.43-2.51), respectively. Adjustment for age, smoking, and year of inclusion did not change the results considerably, as shown in Figure 3 . In a multivariable analysis including age, smoking, year of inclusion, diabetes mellitus, hypertension, dyslipidemia, gestational diabetes mellitus, gestational hypertension, and preeclampsia, we found age (HR, 1.09; 95% CI, 1.07-1.11), active smoking (HR, 3.19; 95% CI, 2.56-3.99), gestational hypertension (HR, 2.77; 95% CI, 1.47-5.21), hypertension (HR, 3.35; 95% CI, 1.06-10.62), and preeclampsia (HR, 2.56; 95% CI, 1.67-3.93) to increase the risk of the outcome. 
Sensitivity Analyses and Other Analyses
Inclusion of only first-time pregnancies emphasized the association with obesity in analyses of ischemic stroke (adjusted HR for obese women, 2.54; 95% CI, 1.38-4.69). For myocardial infarction, the confidence intervals widened grossly, but with positive albeit nonsignificant estimates in the fully adjusted multivariable analysis (adjusted HR for obese women, 2.60; 95% CI, 0.85-7.96).
In the definition of ischemic stroke, we also included unspecified stroke (ICD-10=I64), but a sensitivity analysis including only ischemic stroke (ICD-10=I63) did not change the results (adjusted HR for obese women, 2.03; 95% CI, 1.23-3.37).
A subanalysis including only Danish women was performed (n=236 211, 86.5%) to evaluate the impact of family history on the associations with myocardial infarction and stroke in the population. Family history did not appear to be an independent marker for our outcome events (Table I in the online-only Data Supplement). A sensitivity analysis in which the associations were examined separately for obese women with a BMI=30.0-<35 kg/m 2 and the morbidly obese with a BMI≥35 kg/m 2 found that the associations were not solely driven by the morbidly obese, although the associated risks increased with increasing BMI.
For myocardial infarction the HRs were 2.51 (95% CI, 0.97-6.50) and 4.19 (95% CI, 1.91-9.17), and for ischemic stroke they were 1.91 (95% CI, 1.19-3.07) and 1.84 (95% CI, 0.96-3.54; Table II in the online-only Data Supplement).
The distributions of events are illustrated in a staple diagram ( Figure I in the online-only Data Supplement).
In a supplemental analysis including age, year, smoking, and educational attainment we ascertained that our main results were not attributable to differences in socioeconomic status (ie, HRs for the obese women were 2.32 [95% CI, 1.24-4.36] for myocardial infarction, and 1.73 [95% CI, 1.14-2.61] for ischemic stroke; Table III in the online-only Data Supplement).
Discussion
The principal findings of this nationwide study of young, healthy women after childbirth were that prepregnancy obesity was significantly associated with increased risk of myocardial infarction and ischemic stroke even in the short-term, and that the results persisted after adjustment for traditional cardiovascular risk factors and pregnancy-associated complications. Additionally, overweight women as well as obese women were at increased risk of the composite outcome of myocardial infarction, stroke, and cardiovascular death. Prepregnancy BMI did not, however, predict hemorrhagic stroke and subarachnoid hemorrhage. As expected, the absolute risks were very low, but the key message from this study is that the obesity-associated health risk becomes apparent even in these young women within a short follow-up. Recent research indicates rising stroke rates among younger women <45 years attributable to an increase in prevalence of the metabolic syndrome. 15 A meta-analysis of prospective studies, primarily including older individuals (>45 years of age) and a majority of men, examined the impact of BMI-groups on incident stroke, and found overweight (BMI=25-30 kg/m 2 ), and obesity (BMI≥30.0 kg/m 2 ) to be significantly associated with ischemic stroke with a relative risk for obese individuals, comparable with our results (relative risk, 1.64; 95% CI, 1.36-1.99). 16 We are not aware of any studies that have examined the associations between obesity and the risk of myocardial infarction in young women. Obesity has, however, been confirmed as an important risk factor of myocardial infarction, 17 especially in women ≤65 years of age, 6 and is an established risk factor of myocardial infarction in middle-aged women. 18 The increased risk of myocardial infarction associated with underweight in unadjusted analyses was probably explained by the increased fraction of active smokers among underweight women. Further, these women probably represent a heterogeneous group with multiple reasons for their low weight, and because they constituted the smallest BMI category in our population with only few events, we are not able to conclude anything based on these data.
It is a subject of debate whether obesity should be regarded an independent risk factor [19] [20] [21] [22] or a marker of an unhealthy, inactive life style 23 and metabolic disturbances, such as impaired glucose metabolism and initial stages of dyslipidemia and hypertension. The latter emphasizes that although BMI might not improve prediction of cardiovascular disease risk independently, it is a major determinant of the intermediate cardiovascular risk factors. 24 In our study, we still found a residual effect of BMI after adjusting for several cardiovascular risk factors including early signs of impaired glucose metabolism and vascular abnormalities. Glucose abnormalities and blood pressure are closely monitored in pregnant women throughout pregnancy, which made the Medical Birth Register ideal for our study, ascertaining that any association was not simply attributable to unrecognized diabetes mellitus or hypertension. Pregnancy is considered a metabolic stressor, which makes early signs of metabolic disturbances become apparent. Our findings certainly call for future research on the short-term effect of pregnancy-related complications. Overall, it is becoming increasingly acknowledged that BMI must be regarded only as the first step in the overall risk assessment, including lipid assessment and measures of blood pressure and glucose, and this may in particular apply to obese women. In this setting, obesity and smoking are of particular interest, being potentially preventable, as well as direct and indirect risk factors of cardiovascular disease.
Family history of stroke or myocardial infarction did not affect the results and were not significantly associated with ischemic stroke or myocardial infarction, which is in contrast to earlier findings. 25, 26 Existing research is however based on the associated risk in populations with a higher mean age and thus older parents, and our population might be too young to demonstrate any such association.
Strengths and Limitations
Although the register-based approach has limitations, this study carries several strengths (ie, it is a large study with nationwide coverage minimizing the risk of demographic selection bias, the study is based on validated end points, and the loss to follow-up is minimal). The register-based approach furthermore makes it possible to study risk factors of rare events. In this study we were able to include data on pregnancy-associated complications in addition to traditional cardiovascular risk factors.
Because diabetes mellitus, hypertension, and dyslipidemia definitions were based on prescriptions, we were only able to take risk factors being treated into account. We cannot rule out that a selection bias exists, because obese and nonobese individuals might be differentially likely to be placed on, or compliant to, these medications. Data on physical activity level would have been very interesting, but were unfortunately lacking. Although the optimal measure of obesity is still being debated, 24 it would have been preferable to have other anthropometric measures of obesity. BMI has, especially in recent years, been criticized for not being specific enough, and especially waist-to-hip-ratio has been emphasized as the best measure of obesity and body fat distribution. 18, [27] [28] [29] [30] Several studies of other populations have however yielded similar associations between obesity and stroke and myocardial infarction regardless of used obesity measure. 24, 28, 30 In addition, the World Health Organization still recommends BMI as the most useful population-level measure of obesity 5 as supported by a recently published meta-analysis.
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Our end points were not adjudicated individually for each patient, but the registers have been validated against adjudicated end points with acceptable sensitivity, specificity, and positive predictive values. 13, 14 Our results were robust after adjustment for educational attainment. We found increasing educational level to be associated with a decreased risk of ischemic stroke and the composite outcome. However, the analysis must be interpreted with caution, because many young women registered in the lower categories of educational attainment are in fact still students in whom educational attainment do not accurately reflect socioeconomic status.
The majority of the Danish population is white, so our results are not generalizable to non-white populations. Finally, we identified our population from the Danish Medical Birth Register. Our population thus comprised young fertile women, and given that obesity is an independent risk factor of reduced fertility, it is possible that our population is healthier than the general age-and sex-matched population. However, given that ≈90% of Danish women give birth, we believe that this selection bias is negligible.
Despite the above-stated limitations, including a potential risk of residual confounding, we find it quite unique that we were able to study rare end points in a large population of young, healthy women.
In conclusion, this comprehensive, nationwide study of young women who have given birth, demonstrates obesity to be significantly associated with increased risk of ischemic stroke and myocardial infarction over a median follow-up of 4.5 years, even after adjustment for several cardiovascular risk factors and pregnancy-associated risk factors (ie, potential intermediaries). Additionally, being overweight or obese are associated with increased risk of the composite of myocardial infarction, stroke, and cardiovascular death.
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CLINICAL PERSPECTIvE
As a consequence of the observed disturbingly low rate of temporal decline in coronary heart disease mortality in young women aged <45 years, and their adverse prognosis after myocardial infarction and ischemic stroke compared with men and older women, leading healthcare organizations including the American Heart Association have requested further insight into cardiovascular risk factors and the prognosis of cardiovascular disease in young women. In the current study, we used nationwide registers to explore the associations between prepregnancy body mass index and the risks of myocardial infarction, stroke, and a composite of myocardial infarction, ischemic stroke, and cardiovascular death, in a comprehensive population of all Danish women with no previous history of cardiovascular disease, giving birth 2004-2009 (median age 30.4 years). We found obesity to be significantly associated with increased risk of ischemic stroke and myocardial infarction over a median follow-up of 4.5 years, even after adjustment for several cardiovascular risk factors and pregnancy-associated risk factors. Additionally, being overweight or obese was associated with increased risk of the composite of myocardial infarction, stroke, and cardiovascular death. Thus, despite low absolute risks, the obesity-associated health risk becomes apparent even in these young women within a short follow-up.
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